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Abstract 
In order to analyze the wind energy potential, a wind measurement mast was established at Kampot province and the 
wind speed and its direction at the height of 50 m above the ground level were measured. A one year period of wind 
data from this measurement was analyzed using WAsP software. A microscale wind map was generated and used to 
estimate the installed capacity of wind turbines for a given scenario. It was found that the area of this study has 
relatively high wind energy potential, approximately annual electricity production of 55 GWh with an estimated 
installed capacity of wind turbines of 28.8 MW. 
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1. Introduction 
Nowadays, wind energy, an alternative clean renewable energy source, has been recognized as one of 
the fastest developing renewable energy source technology. Wind power generation has made a 
remarkable contribution to daily life across the globe and has grown rapidly in the past 20 years. Wind 
turbine technology has been successfully developed in many countries, such as Denmark, Germany and 
China. It is now considered as a mature, reliable and efficient technology. Normally, the energy from a 
wind turbine depends strongly on the wind speed correlated to topography and meteorological conditions.  
Energy demand, environmental issues as well as an escalation in fossil fuel costs force many countries 
to explore and move towards environmentally friendly energy source. Not only the developed country, but 
also the developing country is interested in renewable energy, especially wind energy.  
From the point of wind energy potential, an assessment of the site is essential as a primary employment 
prior to the wind power generation project. This refers to the characterization in terms of wind speed, 
direction and wind power. Many relevant works have been done for this purpose in different parts of the 
world. For example, Serrano et al. [1] characterized the wind speed and wind potential at Cucuta-
Columbia by presenting the weibull parameters and also simulated the wind generation with 1.5 MW 
wind turbine at three different heights. Similar works had also been done as follow; Kose et al. [2] and 
Ucar and Balo [3] investigated the wind of certain areas in Turkey, Zhoua et al. [4] studied for the region 
of Pearl River Delta in China. Chang et al. [5] also presented an assessment of wind characteristics in 
Taiwan. Mathew et al. [6], Tsang et al. [7] and Shafiuzzaman et al. [8] investigated the wind regime in 
India, Taiwan and Bangladesh, respectively.  
Cambodia is one among the developing countries that depend heavily on imported energy supplies. 
Therefore, renewable energy resources have gained great importance in Cambodia because they are 
domestic and clean. Wind is so far received more attention because Cambodia is located in a tropical zone 
influenced the most by both Northeasterly and Southwesterly monsoons. Thus, under the cooperative 
project between Thailand and the neighboring countries, the wind energy potentials in Cambodia were 
studied. According to this project, Kampot is one among the provinces that have relatively high wind 
speed. The aim of this paper is to further investigate about wind energy potential of this province by 
correlating the wind data gathered at the site and statistical analyzed data to support the evaluation of 
future wind energy project in the area.  
2. Wind measurement mast 
Kampot, located a few kilometers from the Gulf of Thailand, is a province in southern Cambodia. 
Kampot city is situated at the riverside near the coast with a population of 40,000. Kampot is up coming 
as a tourist destination. As the city’s energy consumption is expected to increase significantly in the near 
future, new energy source is therefore necessary.   
Wind energy is one of the choices; however, the wind energy-related activity for Kampot is limited, 
especially the measurement data. In order to acquire more information on the wind measurements, a 50 
m-height wind mast was installed in Kampot province (10ż36´N, 104ż11´E, elevation 13.5 m. asl.). The 
wind speed and wind direction were measured by anemometers (NRG #40) and wind vanes (NRG 200P), 
respectively, at the heights of 20, 40 and 50 m above the ground level. The solar cell was installed at 15 m 
above the ground level to supply energy for the data logger. Fig. 1 shows the pictorial views of the wind 
mast. The averaged data within a 10-minute interval were recorded for one year, during September 2007 
to August 2008, by data logger (Nomad2) which was placed inside a nearby building.  
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Fig. 1 Wind mast and equipped devices 
3. Statistical distribution for wind data 
The best characteristic explanation of wind regimes is Weibull probability density function which is a 
special case of Pierson class III distribution. With Weibull distribution, wind speed distribution can be 
expressed as a function of probability density function )(vf   and cumulative distribution function  
)(vF   as follow: 
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where c is scale parameter (unit: m/s), k is the shape parameter (no unit: -), and v  is wind speed (unit: 
m/s). There are several methods for determination of c and k such as least-squares fit method [9], mean 
wind speed and standard deviation method, median and quartile wind speed method, mean wind speed 
and fastest mile method, the trend of k versus mean wind speed method and maximum likelihood method. 
However the most accurate method for estimating Weibull parameter is maximum likelihood iteration 
technique by Takle et al. [10] as recently proven by Seguro et al. [11]. The scale and shape parameter can 
be estimated by using the maximum likelihood method as follow: 
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where iv  is wind speed in time step  i  and n is the number of non-zero wind speed data points. Eq. (3) 
can be solved by using an iterative procedure; afterwards Eq. (4) can be solved. 
 
The wind power ( vP ) available per unit area of the rotor in the wind stream of velocity v  is described 
as 
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where U  is air density. Thus the wind power density of a site based on a Weibull probability density 
function can be expressed as 
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where * is the Gamma function.  
 
Furthermore wind power density of a site is given; the wind energy available over a period, IE  (a 
month or a year) can be expressed as  
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where T  is the time period. For example, T  is taken as 8,760 h when we calculate the energy on 
annual.  
4. Wind energy assessment 
4.1. Wind measurement analysis  
Only the wind data at the height of 50 m above the ground were used for the analysis as they were 
less affected by obstacles surrounding the mast. The statistic of wind regime from the wind mast was 
analyzed by Weibull distribution. Two important parameters, Weibull shape factor and Weibull scale 
factor, were estimated by maximum likelihood method using eq. (3) and (4) while power density ( DE ) 
was estimated by using eq. (6). Additionally, the data were analyzed using WAsP[12] designed for 
predicting wind climates, wind resources and wind productions from wind turbines. WAsP prediction is 
based on wind measurement data and models of a complex terrain flow, a roughness change and a 
sheltering obstacle. The statistical results calculated from eq. (3) – (6) and WAsP are shown in Table 1.  
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TABLE 1 
WIND PARAMETERS ESTIMATED BY WEIBULL DISTRIBUTION AND WASP 
Month 
From eq. (3)-(6) From WAsP 
k c ED k c ED 
  (-) (m/s) (W/m2) (-) (m/s) (W/m2) 
Sep07 1.40 3.99 87.31 1.6 4.2 82 
Oct07 2.02 4.95 95.74 2.17 5.1 97 
Nov07 2.83 5.36 94.88 2.82 5.3 96 
Dec07 2.78 5.44 100.08 2.73 5.5 107 
Jan08 1.94 5.06 106.82 2.12 5.1 101 
Feb08 1.96 3.95 50.24 2.38 4.1 49 
Mar08 2.11 3.88 44.16 2.09 4.2 57 
Apr08 2.03 3.74 41.09 2.13 3.8 41 
May08 1.71 5.03 123.25 2.23 5.5 119 
Jun08 1.85 5.20 122.56 2.15 5.4 119 
Jul08 1.87 5.25 127.02 2.26 5.5 119 
Aug08 1.85 4.72 91.69 2.16 5.0 94 
 
From Table 1, the values of annual power density of Kampot calculated using eq. (3) – (6) and WAsP 
exhibited slightly different with the root mean square difference (RMSD) of 5.6%.   
Moreover, the wind measurement data, dividing into sixteen sectors, were analyzed again by WAsP. 
The mean wind speed (Vmean), wind frequency, Weibull shape factor (k), Weibull scale factor (c) and 
power density (ED) were calculated for each sector as shown in Table 2. Additionally, the wind rose of 
Kampot at the height of 50 m above ground level was generated as shown in Fig. 2.  
 
TABLE 2 
WIND DISTRIBUTION FOR EACH SECTOR AT 50M ABOVE GROUND LEVEL 
Sectors Frequency (%) 
vmean 
(m/s) 
k  
(-) 
c  
(m/s) 
ED 
(W/m2) 
N 21.8 4.54 2.38 5.1 94 
NNE 8.9 4.24 2.00 4.8 89 
NE 3.8 3.33 1.74 3.7 50 
ENE 2.0 2.45 1.63 2.7 22 
E 1.8 2.38 1.59 2.6 21 
ESE 1.4 2.44 1.63 2.7 22 
SE 1.3 2.38 1.44 2.6 24 
SSE 1.8 3.15 2.24 3.6 33 
S 3.8 3.73 3.54 4.1 41 
SSW 5.9 4.32 2.50 4.9 78 
SW 12.4 5.17 2.99 5.8 119 
WSW 18.0 5.77 2.92 6.5 168 
W 3.5 3.46 1.38 3.8 79 
WNW 1.8 1.9 1.14 2.0 19 
NW 2.3 1.80 1.44 2.0 10 
NNW 9.5 3.22 2.35 3.60 34 
All 100 4.28 2.12 4.90 90 
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Fig.2. Kampot wind rose at 50m agl. 
It was found that the prevailing wind direction of Kampot blew from two directions; North (N) and 
West-Southwest (WSW). However, the WSW mean wind speed and wind power density values (5.77 
m/s, 168 W/m2) are higher than those of the North direction (4.54 m/s, 94 W/m2). In general, wind in this 
region is mostly affected by the Asian monsoons. The results show that both prevailing directions are 
reasonably agreed with the monsoons; summer monsoon blew from Indian Ocean and winter monsoon 
blew from China. 
4.2. Wind energy analysis 
Wind atlas of a 15x15 km2 region around wind mast of Kampot site was created from wind 
measurement data, height contour map, roughness map and obstacles surrounding the wind mast by using 
WAsP software. Fig. 3 showes wind power density map in W/m2 at 50 m. above ground level. According 
to the map, the overall wind potential in this area is relatively low (less than 100 W/m2). However, the 
area in the south coast has relatively high potential. Note that in the left corner of Fig. 2, there are some 
areas with higher power density but they are on top of the mountain.  
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Fig. 3. Wind power map in W/m2 at 50 m, the square indicates  
Kampot wind mast location. 
Many sizes of wind turbines were selected for calculating their capacity factors through WAsP. The 
capacity factor is the proportion between estimated annual energy production (estimated AEP) and the 
nominal annual energy production (nominal AEP). Table 3 shows the results of each wind turbine 
calculated from WAsP. The most appropriate wind turbine was 1800 kW nominal power turbine with 
capacity factor of 21.79% and hub height at 80 m above ground level. Therefore, this turbine was used to 
estimate the total annual energy of the wind farm simulation.   
 
TABLE 3  
THE CAPACITY FACTOR OF EACH TURBINE SIZE  
CALCULATED FROM WASP 
 
Turbine 
size 
(kW)  
Nominal 
AEP 
(MWh) 
Estimated 
AEP 
(MWh) 
Capacity 
factor 
(%) 
Hub 
Height 
(m) 
300 
600 
800 
1000 
1300 
1650 
1800 
2628 
5256 
7008 
8760 
11388 
14454 
15768 
336 
600 
840 
1076 
1613 
2818 
3436 
12.79 
11.42 
11.99 
12.28 
14.16 
19.50 
21.79 
30 
40 
50 
50 
60 
70 
80 
 
4.3. Wind farm simulation 
In this study, the wind farm with a hypothetical installed capacity of 28.8 MW was simulated. The 
wind turbines selected for this study were Vestas V90 with 1800 kW installed power, blade diameter of 
90 m, cut-in wind speed of 4 m/s, nominal wind speed of 13 m/s and cut-out wind speed of 25 m/s 
installed at 80 m of height. A total of 16 wind turbines were used.  
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 Fig. 4. Wind power map in W/m2 at 80 m, the square indicates the wind mast location and the triangles indicate 16 of 
1800 kw wind turbines for simulated farm 
The wind power map at the same level of wind turbine hub height (80 m agl) was created by WAsP 
software in order to locate the suitable site for wind turbines. Two sites were selected as a case study for 
wind farm with a total of 28.8 MW installed capacity (16 of 1800 kW turbines). Each of wind turbines 
was located at least 200 m apart from each other in order to reduce energy loss from the wake effect. In 
both sites, turbines were aligned in the direction of prevailing wind direction as mentioned in A, herein 
used prevailing wind from south southwest direction. Annual energy production estimated from all 16 
turbines with the total installed capacity of 28.8 MW was approximately 55 GWh. 
5. Conclusion 
Wind data were collected for one year from wind mast located in Kampot province. The Weibull 
distribution was applied to estimate wind power density comparing to that estimated by WAsP. The 
maximum annual power density was about 1,085 W/m2 with the mean wind speeds of 4.3 m/s at 50 m 
height. North and West-Southwest were prevailing wind directions. Wind power density map was created 
to visualize the characteristics wind nearby Kampot wind mast. The annual energy production of 
simulated wind farm with 16-1800 kW was approximately 55 GWh/year. 
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